The role of microbial exposure during early life in the development of type 1 diabetes mellitus is unclear. OBJECTIVE To investigate whether animal contact and other microbial exposures during infancy are associated with the development of preclinical and clinical type 1 diabetes.
T he hygiene hypothesis that microbial exposure during early life may affect susceptibility to the development of allergic diseases 1 has been extended to investigate whether the hypothesis is true for autoimmune diseases, such as type 1 diabetes. 2 Decreased environmental biodiversity through influence on human microbiota and its immunologic actions was recently implicated 3 in the occurrence of atopic and other chronic inflammatory diseases.
Affluent and sparsely populated environments or less microbial diversity of the gut have been associated 4 with the occurrence of type 1 diabetes. Increased maternal and child use of antibiotics was associated 5 with an increased risk of type 1 diabetes in children. We set out to investigate whether contacts with animals or other microbial exposures during infancy are associated with the development of clinical or preclinical type 1 diabetes. Preclinical type 1 diabetes was defined as repeated positivity for both islet-cell antibodies and at least 1 of the 3 other autoantibodies analyzed and/or clinical type 1 diabetes.
Methods

Study Design and Participants
We studied children belonging to the Oulu and Tampere cohorts of the Finnish Type 1 Diabetes Prediction and Prevention study. This multidisciplinary, population-based cohort study examines potential means to predict and prevent the manifestation of type 1 diabetes. 6 Infants born with HLA antigen-conferred susceptibility to type 1 diabetes are monitored at 3-to 12-month intervals for diabetes-associated autoantibodies, growth, and environmental exposures until age 15 years or diagnosis of type 1 diabetes. The study procedures were approved by the local ethics committees and the parents provided written informed consent. Participants did not receive financial compensation.
The Finnish Type 1 Diabetes Prediction and Prevention Nutrition Study started in Oulu (Northern Botnia province, northern Finland) in 1996 and in Tampere (Pirkanmaa province, south-mid Finland) in 1997. 7 Children born between September 2, 1996, and August 31, 2004, at Oulu University Hospital and between October 20, 1997, and September 5, 2004 , at Tampere University Hospital were screened for HLA antigen-DQB1-conferred susceptibility to type 1 diabetes using cord blood samples. 8 All deliveries in the area of these provinces took place in Oulu and Tampere university hospitals. Infants carrying increased genetic susceptibility (either high risk [HLA-DQB1*02 ⁄ 0302 heterozygous] or moderate risk [DQB1*0302 ⁄ x-positive; x indicates homozygosity or a neutral allele]) were invited to participate in the nutrition study (N = 7782). The nutrition study examines the relationship of maternal diet during pregnancy and lactation and the child's diet during infancy and childhood with the development of type 1 diabetes, allergic diseases, and asthma in childhood. Of the children invited, 6078 participated in the assessment of type 1 diabetes end points. Of these, 4075 children who were participating in the dietary follow-up at age 5 years and had not received a diagnosis of clinical type 1 diabetes were invited to take part in the allergy study by completing a modified version of the International Study of Asthma and Allergies in Childhood questionnaire 9 (named in the following allergy questionnaire) that included, in addition to asthma and allergy of the child and parents, questions on several microbial exposures during childhood. A total of 3143 children (77%) returned the allergy questionnaire. The flow diagram of the study participants is presented in the Figure.
Microbial Exposure
The allergy questionnaire was completed by the parents when the child was aged 5 years. The following microbial exposures reported to have occurred during the first year of life were used in the analysis (all with yes/no response options): indoor/ outdoor dog exposure, indoor/outdoor cat exposure, farm animal (cows, horses, sheep, goats, hens, other) exposure, farming occupation of the family, visit to a stable, and day care attendance. In Finland, dogs that are used for purposes such as hunting usually stay outside the house and may have little or no contact with children. The same is true for cats used to catch mice in a stable. Data on exposure to antibiotics during the first week of life (yes/no) were obtained from the medical birth registries of the 2 hospitals.
Sociodemographic and Clinical Characteristics
Information on the child's sex, maternal age, maternal professional educational level, and the number of siblings was recorded in a structured questionnaire completed by the parents after delivery. Information on the duration of gestation, mode of delivery, birth weight, and maternal smoking during pregnancy was retrieved from the medical birth registries of the 2 hospitals. Home municipality urbanization level was categorized according to Statistics Finland guidelines as rural, semiurban, and urban. Questions on parental history of asthma and allergic rhinitis and the child's asthma, allergic rhinitis, and atopic eczema were also assessed in the allergy questionnaire. A child's asthma was defined as physician-diagnosed asthma with either any wheezing symptoms or use of asthma medication during the preceding 12 months. Allergic rhinitis was defined as sneezing, nasal congestion, or rhinitis other than with respiratory infections, accompanied by itching of the eyes and tearing during the previous 12 months. Atopic eczema was defined as atopic eczema ever diagnosed by a physician.
Outcome Assessment
Clinical and preclinical type 1 diabetes were used as outcomes. The latter was defined as repeated positivity for islet-cell antibodies plus for at least 1 of 3 other diabetesassociated autoantibodies and/or clinical type 1 diabetes. The definition used for preclinical type 1 diabetes is closely related to clinical disease: approximately 60% to 70% of children with preclinical diabetes are expected to progress to the clinical disease within the next 8 years. 10 When a child seroconverted to positivity for islet-cell antibodies for the first time, all of the child's preceding (starting from birth) and subsequent serum samples were analyzed for insulin autoantibodies, autoantibodies to glutamic acid decarboxylase, and insulinoma-associated 2 molecule. Islet-cell antibodies were detected by a standard indirect immunofluorescence method. Insulin autoantibodies were quantified with a microassay and glutamic acid decarboxylase and insulinoma-associated 2 molecule autoantibodies with specific radiobinding assays. 11 Maternal autoantibodies transferred through the placenta were excluded from the analyses. In the present study we used follow-up for type 1 diabetes-associated autoantibodies and type 1 diabetes up to January 1, 2013. Follow-up for clinical diabetes was available for all children who started the study (n = 6078) until January 2013.
Sensitivity Analysis Data Series
For a sensitivity analysis data series we used 2740 participant records, which were based on prospective interviews conducted by study nurses at the 12-month visit and were available only for children observed at Tampere University Hospital. Study nurses recorded on an open-ended table whether the family had indoor animals and, if so, which animals during the first year of the child's life. Indoor animals other than dogs and cats were infrequent and were not included. The other microbial exposures were not available from the sensitivity analysis data series.
Statistical Analysis
Logistic regression was used to estimate the associations between microbial exposure and preclinical and clinical type 1 diabetes. The possible dependence among siblings was accounted for by using the generalized estimating equations with the sandwich estimator of variance to estimate regression coefficients in logistic regression analyses. 12 Potential confounders adjusted in the models were sex, genetic risk according to HLA-DQB1 (moderate/high), family history of diabetes mellitus (yes/no), mode of delivery (vaginal/cesarean section), place of birth (Tampere/Oulu), parental asthma or allergic rhinitis 
Complete case analysis
The formation of the study populations for multiple imputation analysis, sensitivity analysis, and complete case analysis is presented.
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(yes/no), maternal professional educational level (none, professional education/course, secondary professional education, university), maternal age (<25, 25-29, 30-34, and ≥35 years), home municipality urbanization level (rural, semiurban, urban), and the presence of asthma (yes/no) and atopic eczema (yes/no) in the child by the age of 5 years. The confounders were chosen based on earlier findings from the literature 13 (eg, mode of delivery) or/and being associated with (P < .20) both the exposure and the end point in the present study. Analyses were performed for all observed exposure data (complete case analysis), for exposure data obtained from Tampere University Hospital medical records (sensitivity analysis), and on multiply imputed data (Supplement [eAppendix]). Multiple imputation was performed to correct for potential biases associated with missing values in explanatory variables. 14 There was a considerable chance for bias for 2 reasons: (1) the exposure variables were not obtained for the type 1 diabetes cases that were diagnosed before the allergy questionnaire assessment and, according to the study design, were ineligible for further followup; and (2) other dropouts by the age of 5 years. Only 3143 of the 6078 children (51.7%) for whom type 1 diabetes end point information was available had returned the allergy questionnaire, resulting in a high proportion of missing values on the microbial exposures. To make multiple imputations for these variables as effective as possible, surrogate data from Tampere University Hospital medical records were used in the imputation models. Because information on only indoor dog and cat exposure was obtained from the medical records, multiple imputation was done only for those 2 microbial exposures. All other variables involved in the imputation model were also imputed themselves. A detailed description of the imputation process is presented in the Supplement (eAppendix). The κ coefficients for the agreement between indoor dog and cat exposure during the first year of life obtained from the allergy questionnaire and participants' medical records were calculated. Analyses were performed using SAS, version 9.2 (SAS Institute Inc). more common among children of older mothers. Preclinical type 1 diabetes was more prevalent among children with than without asthma, whereas the opposite was true for atopic eczema (data not shown).
Results
Complete Case Analysis
The farming occupation of the family, visit to a stable, and day care attendance during the first year of life, as well as the use of antibiotics during the first week of life, were not significantly associated with the outcomes, with adjusted odds ratios (ORs) for preclinical type 1 diabetes varying from 1.15 to 1.56 and for clinical type 1 diabetes from 0.74 to 1.58 ( Table 2) . Of the indoor and outdoor dog and cat and farm animal contacts during the first year of life, only indoor dog exposure was inversely associated with the development of preclinical type 1 diabetes in the complete case analysis (adjusted OR, 0.47; 95% CI, 0.28-0.80; P = .005) ( Table 2 ). Indoor dog exposure had an OR of 0.40 (95% CI, 0.14-1.14; P = .08) for clinical type 1 diabetes. The OR for outdoor dog exposure was 1.14 for preclinical and 1.15 for clinical disease; for other animal exposures, ORs varied from 0.93 to 1.02 and from 0.79 to 1.34, respectively ( Table 2 ).
Sensitivity Analysis
In the sensitivity analysis series of 2740 children from Tampere University Hospital, preclinical type 1 diabetes was present in 6.2% (169) and clinical type 1 diabetes was present in 3.0% We obtained data on indoor dog and cat exposure during the first year of life from both the allergy questionnaire (complete case data) and from Tampere patient records (sensitivity analysis data) for 1843 children. Of these, 19 .9% (367) were exposed to a dog according to the allergy questionnaire and 18.5% (341) were exposed according to patient records; 47 children were exposed to a dog according to only the allergy questionnaire and 21 according only to patient records. The κ coefficient for the agreement between the methods was 0.88. The κ coefficient for the agreement of cat exposure was 0.82.
The sensitivity analysis showed similar ORs compared with complete cases analysis for the association between indoor dog exposure and preclinical type 1 diabetes (OR 0.58; 95% CI, 0.31-1.09; P = .09) and clinical type 1 diabetes (OR, 0.17; 95% CI, 0.02-1.31; P = .09) ( Table 3 ). The proportions of disease outcomes by cat exposure were similar (Table 3 ) according to both types of analysis.
Multiple Imputation Analysis
Distributions of preclinical and clinical type 1 diabetes and background characteristics among children with complete and incomplete data on indoor dog and cat exposure during the first year of life are presented in the Supplement (eTable 1). After adjustment for potential confounding variables, indoor dog exposure was inversely associated with the development of preclinical type 1 diabetes in the multiple imputation data analysis (OR, 0.54; 95% CI, 0.34-0.88; P = .01), but not significantly associated with clinical type 1 diabetes 
Discussion
In the present study, several farming-and animal contactrelated factors, day care attendance, and antibiotic use during early infancy were studied. Of these factors, only indoor dog exposure was inversely associated with subsequent development of preclinical type 1 diabetes. This association was consistently seen in both complete case and multiple imputation data analyses. Outdoor dog exposure showed a nonsignificant OR (1.14) with preclinical diabetes outcome. The birth cohort of children with increased genetic susceptibility to type 1 diabetes was closely observed at 3-to 12month intervals with frequent measurements of the type 1 diabetes end points. The participation and retention rates of the study were good. Although the number of children with clinical type 1 diabetes was relatively small, the number of preclinical end points was moderate.
The questions about animal contacts, farming, and day care were retrospectively asked with detailed and validated questions when the child was aged 5 years. We could show in a subpopulation that the reliability of the indoor dog and cat con-tact data collected at that time was good in comparison with the data collected from patient records when the child was aged 12 months. Participation in our study ended if the child received a diagnosis of type 1 diabetes. Consequently, our complete case data source for animal and other microbial data collected at age 5 years did not include children who developed diabetes at a younger age. To decrease the probability of outcome-dependent bias we conducted the analysis in 2 further data sets: evaluating patient records (sensitivity analysis) available for 1 of the clinics and undertaking multiple imputation for the whole cohort, using partially observed data. Both data sets included children with a diagnosis of type 1 diabetes when they were younger than 5 years (Figure) . In the sensitivity analysis data, the ORs for indoor dog and cat exposure were similar to those of complete case analysis and multiple imputation analysis. In sensitivity analysis, we found no indication that the risk associated with dog or cat exposure would have been different among children younger than 5 years compared with older children.
The numbers of children with outdoor and farm animal exposure, farming occupation of the family, or early use of antibiotics were low and CIs were wide, making the estimates uncertain. However, the only statistically significant finding in the present study, the inverse association between indoor dog exposure and preclinical type 1 diabetes, can be a spurious finding. We used multiple imputation to try to address the prob- lem of dropouts from the initial 6078 children to 3143 at the 5-year follow-up. Multiple imputation relies on an assumption that data are missing at random, that is, the probability of missingness is independent of the unobserved data, given the observed characteristics. We included several characteristics in the imputation model (Supplement [eTable 1]), but we may have missed some important factors associated with the missingness mechanism. Although we cannot rule out the possibility that the data are not missing at random, in the sense of standard multiple imputation terminology, we believe that the similarity of the results of the multiple imputation and complete case analyses suggest that the missingness is not a source of significant bias. In the sensitivity analysis the proportion of missing data was, however, smaller than in the complete case data (Figure) . The limitations of the study also include a pos-sibility of selection bias, because 22% of the invited families declined to participate. In a Swedish cohort study, 15 the presence of a cat or dog at home or day care during the first year of life was directly associated with positivity for glutamic acid decarboxylase (crude OR, 1.3) and cat exposure with positivity for insulinomaassociated 2 molecule (crude OR, 1.4), but neither of these exposures was related to simultaneous positivity of the 2 autoantibodies. A hospital-based German case-control study 16 did not find evidence that regular contact with a stable (adjusted OR, 1.2; 95% CI, 0.5-2.7) or any specific farm animal or pet was associated with type 1 diabetes. The adjusted ORs (95% CI) for regular dog and cat contacts were 0.67 (0.44-1.04) and 0.86 (0.55-1.35), respectively, in that study. The ORs for contact with a stable and dogs were relatively close to our results. Indicators of social mixing and crowding, such as day care attendance, having siblings, sharing bedrooms, and regular changes in place of residence, have been associated [17] [18] [19] with a decreased risk of type 1 diabetes in case-control studies. In cohort studies, 20,21 including the present study, attendance at a day care facility was not associated with preclinical or clinical type 1 diabetes. In children aged 3 years and younger, the area per person was directly related to type 1 diabetes in an Italian study. 21 The rising incidence of type 1 diabetes in children in several affluent countries has been linked 22,23 to increasing standards of living and socioeconomic transformation.
Children susceptible to type 1 diabetes may have less bacterial diversity and less stable microbiota. 24 Enterovirus infections, especially toward coxsackievirus B, may play a role in the cause of type 1 diabetes. 25, 26 There is evidence that the enterovirus load in the gut is larger among individuals with type 1 diabetes than in those without diabetes. 26 A case-control study 5 nested in a population-based cohort linked frequent early antimicrobial use to the development of type 1 diabetes: more than 7 purchases resulted in an OR of 1.7. In the present study, we had information only on the use of antimicrobials during the first week of life and found no indication of any association with type 1 diabetes.
Dog contact may affect the human immune system in many ways. Dog contact has been shown 27 to protect children from respiratory infections during the first year of life, and cat and/or dog ownership may reduce the risk of gastroenteritis. 28 Dogs may also induce alterations in home microbial communities and spread infections including helminthes, thus affecting immune regulation. 29 In addition to affecting adaptive immune responses, 30,31 early exposure to dogs may reduce innate immunity responses. 32
Conclusions
Most of the microbial factors evaluated in the present study were not associated with preclinical or clinical type 1 diabetes. Early exposure to an indoor dog may protect a child from preclinical type 1 diabetes. This observation needs to be confirmed in additional studies.
